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Abstract 

The notion of intuitionistic fuzzy sets was introduced by Atanassov 
as a generalization of the notion of fuzzy sets. In this paper, we consider 
the intuitionistic fuzzification of the concept of sub-hyperquasigroups 
in a hyperquasigroup and investigate some properties of such sub- 
hyperquasigroups. In particular, we investigate some natural equiva¬ 
lence relations on the set of all intuitionistic fuzzy sub-hyperquasigroups 
of a hyperquasigroup. 
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1 Introduction and preliminaries 

The theory of hyperstructures which is a generalization of the concept of alge¬ 
braic structures first was introduced by Marty m and then many researchers 
have been worked on this new field of modern algebra and developed it. A 
short review of the theory of hyperstructures appear in (H] and m- A re¬ 
cent book jHj contains a wealth of applications. There are applications to the 
following subjects: geometry, hypergraphs, binary relations, lattices, fuzzy 
sets and rough sets, automata, cryptography, combinatorics, codes, artificial 
intelligence, and probabilities. The theory of fuzzy sets proposed by Zadeh 
m has achieved a great success in various fields. Out of several higher or¬ 
der fuzzy sets, intuitionistic fuzzy sets introduced by Atanassov [H12111 have 
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been found to be highly useful to deal with vagueness. Gau and Buehrer m 
presented the concept of vague sets. But, Burillo and Bustince 0 showed 
that the notion of vague sets coincides with that of intuitionistic fuzzy sets. 
Szmidt and Kacprzyk ESI proposed a non-probabilistic-type entropy measure 
for intuitionistic fuzzy sets. De et ah EH studied the Sanchez’s approach 
for medical diagnosis and extended this concept with the notion of intuition¬ 
istic fuzzy set theory. Dengfeng and Chuntian m introduced the concept 
of the degree of similarity between intuitionistic fuzzy sets, presented sev¬ 
eral new similarity measures for measuring the degree of similarity between 
intuitionistic fuzzy sets, which may be finite or continuous, and gave corre¬ 
sponding proofs of these similariry measures and discussed applications of 
the similarity measures between intuitionistic fuzzy sets to pattern recofni- 
tion problems. The notion of join space has been introduced by Prenowitz 
and used by him and afterwards together Jantosciak to build again several 
branches of geometry. A join space is a hypergroup with additional condi¬ 
tions. A generalization of join spaces for the point of view of independence, 
dimension etc., is that of cambiste hypergroups studied by Freni. Noticing 
that a hypergroup is a hyper quasigroup with the associative hyperoperation, 
the results of this paper will make a contribution to discuss a generalization 
of join spaces, to deal with several notions in geometries since there are deep 
relations between geometries and hypergroups (or, to say multigroups), and 
to develop the intuitionistic fuzzy theory in several algebraic structures. 

A hypergroupoid {G, o) is a non-empty set G with a hyperoperation o 
de fin ed on G, i.e., a mapping of G x G into the family of non-empty subsets 
of G. If (x, y) & G X G, its image under o is denoted by x o y. If A, B C G 
then Ao B is given by Ao B = |J{x o y \ x G A, y G B}. x o A is used for 
{x} o A and A o x for A o {x}. 

Definition 1.1. A hypergroupoid (G, o) is called a hypergroup if for all 
x,y,z G G the following two conditions hold: 

(i) X o {y o z) = {x o y) o z, 

(ii) xoG = Gox = G. 

The second condition, called the reproduciblity condition, means that for 
any x,y G G there exist u,v G G such that y G x ou and y G v o x. 

A hypergroupoid satisfying this condition is called a hyperquasigroup. 
Thus a hypergroup is a hyperquasigroup with the associative hyperoperation. 

A non-empty subset K of a hyperquasigroup (G, o) is called a sub- 
hyperquasigroup if {K, o) is a hyper quasigroup. 

The concept of fuzzy sets was introduced by Zadeh m in 1965. A 
mapping /i : A —> [0,1], where X is an arbitrary non-empty set, is called a 
fuzzy set in X. The complement of y, denoted by is the fuzzy set in X 
given by yP{x) = 1 — p(x) for all x G X. 
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For any fuzzy set ^ m X and any t G [0,1] we define two sets 

U{fi] t) = {x € X I //(x) > t} and = {x ^ X \ fi{x) < t}, 

which are called an upper and lower t-level cut of and can be used to the 
characterization of fi. 

In 1971, Rosenfeld m applied the concept of fuzzy sets to the theory of 
groups and studied fuzzy subgroups of a group. Davvaz applied in jH] fuzzy 
sets to the theory of algebraic hyperstructures and studied their fundamental 
properties. Further investigations are contained in 0, m and In- 

Definition 1.2. (cf. [Hj) Let (G, o) be a hypergroup (resp. hyperquasigroup) 
and let ^ be a fuzzy set in G. Then /r is said to be a fuzzy sub-hypergroup 
(resp. fuzzy sub-hyperquasigroup) of G if the following axioms hold: 

(1) mm{fi{x), < inf{^(z) \ z G x o y} for all x,y G G, 

(2) for all x,a G G there exists y G G such that x G aoy and 

y{x)} < y{y), 

(3) for all x,a G G there exists z G G such that x G z o a and 

m.m{y{a), y{x)} < y{z). 

As an important generalization of the notion of fuzzy sets in X, Atanassov 
[5 introduced the concept of intuitionistic fuzzy sets defined on a non-empty 
set X as objects having the form 

A = {{x, fiAix), Xa{x)) I X G X}, 

where the functions fiA ■ X ^ [0,1] and Xa ■ X ^ [0,1] denote the degree 
of membership (namely yA{x)) and the degree of nonmembership (namely 
Aa(x)) of each element x G X io the set A respectively, and 0 < yA{x) + 
Xa{x) < 1 for all X G X. 

Such defined objects are studied by many authors (see for example two 
journals: 1. Fuzzy Sets and Systems and 2. Notes on Intuitionistic Fuzzy 
Sets) and have many interesting applications not only in mathematics (see 
Chapter 5 in the book |3j). In particular, Kim, Dudek and Jun in cni intro¬ 
duced the notion of an intuitionistic fuzzy subquasigroup of a quasigroup. 
Also in ini, Kim and Jun introduced the concept of intuitionistic fuzzy ideals 
of semigroups. 

For every two intuitionistic fuzzy sets A and R in A we define (cf. |2j): 

(1) A Q B iff yA{x) < /rs(x) and Xa{x) > Xb{x) for all x G X, 

(2) A^ = {(x, Aa(x),/xa(x)) I x G X}, 
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(3) AnB = {{x,mm{^^A{x),^J.B{x)},raax{XA{x),XB{x)}) \ x € X}, 

(4) AU B = {{x,msix{^A{x),^iB{x)},m.m{XAix),XB{x)}) \xeX}, 

(5) = {{x,^^A{x),fl'x{x)) I X G X}, 

(6) 0^ = {(x, A^(x), A^(x)) I X € X}. 


2 Intuitionistic fuzzy sub-hyperquasigroups 

For the sake of simplicity, we shall use the symbol A = {^a-,Xa) for the 
intuitionistic fuzzy set A = {{x, ^a{x)^ Aa(x) | x G X}. 

In what follows, let G denote a hyperquasigroup, and we start by defining 
the notion of intuitionistic fuzzy sub-hyperquasigroups. 

Based on m, we can extend the concept of the intuitionistic fuzzy sub¬ 
quasigroup to the concept of intnitionistic fuzzy sub-hyperquasigroups in the 
following way: 

Definition 2.1. An intuitionistic fuzzy set A = (ha, Xa) in G is called an 
intuitionistic fuzzy sub-hyperquasigroup of G {IFSH of G for short) if 

(1) min{/iyi(x),/iA(y)} < ini{nA{z) | z G x o y} for all x,y gG, 

(2) for all x,a G G there exist y,z G G such that x G {a o y) r\ {z o a) and 

mm{nA{a), HA^x)} < mm{yA{y), fJ-Aiz)}, 

(3) sup{Aa(5;) \ z G X o y} < max{AA(x), Aa(?/)} for all x,y G G, 

(4) for all x,a G G there exist y,z G G such that x G {a o y) n {z o a) and 

max{AA(2/), Aa(^)} < max{AA(a), Aa(x)}. 

Lemma 2.2. If A= (ha, Xa) is an IFSH of G, then so is OA = (yA,i^A)- 

Proof. It is sufficient to show that satisfies the third and fourth conditions 
of Definition o For x,y G G we have 

minifiAix), HAiy)} < ini{fiAiz) \ z G x o y} 


and so 


min{l - HAix), 1 - PAiy)} < fof{l “ PAi^) \ zGxoy}. 


Hence 


min{l - /iA(x), 1 - HAiy)} < 1 “ sup{AiA(^) | ^ G x o y} 
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which implies 


sup{^a(2:) \ zexoy]<l- min{l - 1 - y^Aiv))- 


Therefore 

sup { ma ( 2 ) \z ^xoy] < m.cXK{yf]^{x),yA{y)}- 

Hence the third condition of Definition Em is verified. 

Now, let a,x G G. Then there exist y,z G G such that x G aoy, x G zoa 

and 

m.m{fiAia), IJ-a{x)} < mm{nA{y), fJ-A{z)}. 


So 


min{l - Ma(o), 1 - y^Aix)} < min{l - /i5i(y), 1 - y-Ai^)}. 


Hence 

max{/r 5 i(y),^ 5 l( 2 ;)} < max{/i^(a), 
and the fourth condition of Definition Em is satisfied. 


□ 


Lemma 2.3. If A = {yA, Aa) is an IFSH of G, then so is 0^ = (A^i, Aa) • 
Proof. The proof is similar to the proof of T^emma I2.2L □ 


Combining the above two le mm as it is not difficult to see that the fol¬ 
lowing theorem is valid. 

Theorem 2.4. A = {yA, Xa) is an IFSH of G if and only if IDA and ()A 
are IFSHs of G. □ 

Corollary 2.5. A = {yA,XA) is an IFSH of G if and only if yA and A^ 
are fuzzy sub-hyperquasigroups of G. □ 

Theorem 2.6. If A = (yA,XA) is an IFSH of G then the upper t-level cut 
U{yA',t) of yA and the lower t-level cut L{\A',t) of Xa are sub-hyperquasigroups 
of G for every t G Im{yA) Pi Im{XA). 

Proof. Let t G Im{yA) P Im{XA) P [0,1] and let x,y G U{yA',t). Then 
yA^x) > t and yAiy) P t and so mm{yA{x), yAiy)} > t. It follows from the 
first condition of Definition Em that inf{^A(-2) \ z G x o y} > t. Therefore 
for all z G X o y we have z G U{yA]t), so x o y C U{yA',t). Hence for all 
a G U[yA] t) we have a o U{yA', t) P U{yA', t) and U{yA', t) o a P U{yA', t)- 
Now, let X G U{yA',t) then there exist y,z G G such that x G a o y, x G 
zoa and min{|UA(a;),/UA(a)} < m.m{y{y) , y{z)} . Since x,a G U{yA',t), we 
have t < min{|UA(a;),/UA(a)} and so t < m.m{yA{y), yA{z)} which implies 
y G U{yA',t), z G U{yA',t) and these prove that U{yA',t) P a o U{yA',t) and 
U {yA', t) P U {yA', t) o a. Hence aoU {yA', t) = U {yA', t) = U {yA', t) ° a. 

Now let x,y G L{XA',t). Then Aa(x) < t, XA{y) < t and, consequently, 
max{AA(x), AA(y)} < t. It follows from the third condition of Definition 
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12.11 that sup{Aa(^) \ z & X o y} < t. Therefore for all z £ x o y we have 
z G L{XA;t), so X o y C L{XA',t). Hence for all a G L{XA',t) we have a o 
L{XA',t) C L{XA',t) and L{XA',t)oa 'Z L{XA',t). Now, let x G L(Aa; t)- Then 
there exist y,z £ G such that x£aoy,x€zoa and max{A^(y), A^(z)} < 
max{A(a), A(x)}. Since x,a G L{XA',t), we have max{AA(a), Ayi(x)} < t and 
so max{AA(y), Aa(-z)} < t which implies y G L{XA',t), z G L{XA]t) and 
these prove that L^XaG) ^ a o L{XA',t) and L{XA',t) C L{XA',t) o a. Thus 
a o L{Xa', t) = L{Xa] t) = L{Xa] t) o a. □ 

Theorem 2.7. If A = (pla^^a) is an intuitionistic fuzzy set in G such that 
the non-empty sets U{yA]t) and L{XA]t) are sub-hyperquasigroups of G for 
all t G [0,1], then A = (ha, Aa) is an IFSH of G. 

Proof. For t G [0,1], assume that U{yA\t) / 0 and L{XA',t) 7 ^ 0 are sub- 
hyperquasigroups of G. We must show that A = {^a, satisfies the all 
conditions in Definition o Let x,y € G, we put to = min{/i^(x), 
and ti = max{Ayi(x), Ayi(y)}. Then x, y G U{fiA',to) and x,y G L{XA',ti). 
So X o y C U{fj,A',to) and x o y C L{XA]ti). Therefore for all z G x o y we 
have tiA{z) > to and Aa(-z) < which imply 

iniinAiz) I z G X o y} > min{/iA(x), ^^(y)} 


and 

sup{Aa( 2 ;) I 2; G X o y} < max{AA(x), AA(y)} 

The conditions (1) and (3) of Definition 12.II are verified. 

Now, let x,a G G. If t2 = min{yA(a), yA(a^)}, then a, x G U{fiA',t2)- So 
there exist yi,zi G U{yA',t2) such that x € a o yi and x G zi o a. Also we 
have t 2 < min{/XA(yi),/ taI-Zi)}. Therefore the condition (2) of Definition 
12.11 is verified. If we put t^ = max{AA(a), Aa(x)}, then a, x G L{XA',t 3 ). So 
there exist y2,Z2 G ^(AaGs) such that x G a o y2 and x G Z2 o a and we 
have max{AA(y 2 )j AA(y 2 )} < ^ 3 , and so the condition (4) of Definition 12.II is 
verified. This completes the proof. □ 

Corollary 2.8. Let K be a sub-hyperquasigroup of a hyperquasigroup (G, o). 
If fuzzy sets y and X are defined on G by 


( ao if X e K, ( Po if x e K 

\ ai if xeG\K, “l/3i if xeG\K 


where 0 < oi < ao, 0 < /3o < /3i and at -\- fli < 1 for i = 0,1, then 
A = (/X, A) is an IFSH of G and U{y; oq) = K = L(A; /3o)- C 


Corollary 2.9. Let Xk characteristic function of a sub-hyperquasigroup 

K of (G,o). Then AT = is an IFSH of G. □ 
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Theorem 2.10. If A = {^a, Aa) is an IFSH of G, then for all x G G we 
have 


/j.a{x) = sup{q; G [0,1] \ X € U{ixa', «)} 

and 

Xa{x) = inf{a G [0,1] | x G L{Xa', a)}. 

Proof. Let 6 = sup{a G [0, 1] | x G ?7(//a;«)} and let e > 0 be given. Then 
5 — s < a for some a G [0,1] such that x G U{fiA',Oi). This means that 
5 — £ < ^a{x) so that 5 < ^a{x) since e is arbitrary. 

We now show that ha{x) < 5. If ij,a{x) = j3, then x G U{fj,A]P) and so 

/? G {a G [0,1] I X G 17 {^ a ', a)}- 


Hence 


Ijla{x) = P < sup{a G [0,1] I X G U{^a', «)} = <5- 


Therefore 

IJ,a{x) = S = sup{a G [0,1] I X G U{fiA] a)}- 
Now let rj = inf{Q; G [0,1] j x G L{Xa] «)}• Then 


inf{a G [0,1] | x G L{Xa', a)} < rj + £ 


for any e > 0, and so a < rj + £ for some a G [0,1] with x G L{Xa]C(). 
Since Xa{x) < a and e is arbitrary, it follows that Aa(x) < rj. 

To prove Aa(x) > rj, let Aa(x) = C- Then x G L{Xa',C) and thus 
C G {a G [0,1] j X G L{Xa'i 'a)}- Hence 

inf{a G [0,1] ] x G L{Xa; a)} < C; 

i.e. T] < ( = Xa{x). Consequently 


Aa(x) =7] = inf{a G [0,1] ] x G L{Xa; a)}, 

which completes the proof. □ 

Theorem 2.11. Let II be a non-empty finite subset of [0,1]. If {Ka ] a G 11} 
is a collection of sub-hyperquasigroups of G such that 

(i) G= U 

(ii) a > P Ka C Kp for all a, P € Ll, 

then an intuitionistic fuzzy set A = {fiA, Xa) defined on G by 

IIa{x) = sup{a G fl 1 X G Ka] and Xa{x) = inf{a G fl j x G Ka} 
is an IFSH of G. 


7 



Proof. According to Theorem l2.71 it is sufficient to show that the non-empty 
sets U{fiA',Ci) and L{Xa] P) are sub-hyperqnasigroups of G. We show that 
U{fiA',ct) = Kq- This holds, since 


X € U{fiA ',«) 



Ha{x) > a 

sup{7 G n I X G K.y} > a 
370 G n, X G K^o, 70 > a 
X G Ka (since C Ka). 


Now, we prove that L(A; /3) 7 ^ 0 is a snb-hyperquasigronp of G. We have 


X G L{Xa]P) 



A^(x) < P 

inf{7 G n I X G < P 
370 G ff, X G AT^o, 70 < /3 
X G 
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and hence L{Xa', P) = A'^. It is not difhcnlt to see that the union of any 

7<d 

family of increasing sub-hyperqnasigroups of a given hyperqnasigroup is a 
sub-hyperquasigroup. This completes the proof. □ 


3 Relations 

Let a G [0,1] be fixed and let IFSH{G) be the family of all intnitionistic 
fuzzy sub-hyperquasigroups of a hyperquasigroup G. For any A = {^a-, ^a) 
and B = {fiB, ^b) from IFSH{G) we define two binary relations it“ and T" 
on IFSH{G) as follows: 

(A, 5) G ii“ ^ C/(^a; a) = U{yLB\a) 

and 

(A, B)^2P ^ L{Xa\ a) = L{Xb\ a). 

These two relations il" and are eqnivalence relations. Hence IFSH{G) 
can be divided into the equivalence classes of il“ and denoted by [A]a“ 
and [A]£a for any A = (^a,Aa) G IFSH{G), respectively. The corre¬ 
sponding quotient sets will be denoted by IFSH{G)/il°‘ and IFSH{G)/2F^ 
respectively. 

For the family S{G) of all sub-hyperquasigroups of G we define two maps 
Ua and La from IFSH{G) to S{G) U {0} by pntting 

Ua{A) = U{fiA] ct) and La{A) = L{Xa', a) 

for each A = (/tajAa) G IFSH{G). 

It is not difRcnlt to see that these maps are well-defined. 
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Lemma 3.1. For any a G (0,1) the maps Ua and La are surjective. 

Proof. Let 0 and 1 be fuzzy sets in G de fin ed by 0(x) = 0 and l(x) = 1 
for all X G G. Then 0^ = (0,1) G IFSH{G) and Ua{0^) = L„(0^) = 0 
for any a G (0,1). Moreover for any K G S(<G) we have Kr^ = (Xk>X'^) ^ 
IFSH{G), Ua{K^) = U{xj,-,a) = K and = L{xl]C() = K. Hence 

Ua and La are surjective. □ 

Theorem 3.2. For any a G (0,1) the sets IFSH{G)/ii^ and IFSH{G)/2.^ 
are equipotent to S{G) U {0}. 

Proof. Let a G (0,1). Putting C/*([^]u“) = Ua{A) and L*a{[A\sia) = La{A) 
for any A = [pA-, ^a) G IFSH{G), we obtain two maps 

U* : IFSH{G)/il^ S{G) U {0} and : IFSH{G)/2F S{G) U {0}. 

If U{piA'-,oi) = U{fiB',Oi) and L{Xa]C() = L(As;a) for some A = {ij,a,^a) 
and B = (^b,Ab) from IFSH{G), then {A,B) G it" and {A,B) G T", 
whence [A]aa = and which means that U*a and L* 

are injective. 

To show that the maps U* and La are surjective, let K G S{G). Then 
for = (XkiX'x) £ IFSH{G) we have Ua{[K^]<A<y) = U{Xji;a) = K and 
L*ai[K^]z<^) = Hxl;a) = K. Also 0^ = (0,1) G IFSH{G). Moreover 
f^«([0~]ii“) = U{t)]a) =0 and L* ([ 0 .....]£a) = L(1 ;q;) = 0. Hence [/* and L* 
are surjective. □ 

Now for any a G [0,1] we define a new relation Tl" on IFSH{G) by 
putting: 

(A, B) G 91" U{pLA'i a) H T(Aa; a) = 17 (/Ub; a) n L(Ab; a), 

where A = {pai^a) and B = {hb,^b)- Obviously 91" is an equivalence 
relation. 

Lemma 3.3. The map la '■ IFSH{G) S{G) U {0} defined by 

Ia{A) = U{fiA]a)r\ L{Xa; a), 
where A = {pLA, Ayi), is surjective for any a G (0,1). 

Proof. If a G (0,1) is fixed, then for 0..., = (0,1) G IFSH{G) we have 
/„(0^) = [7(0; a) n L(l; a) = 0 , 

and for any K G S{G) there exists = {Xk-:X%) ^ IFSH{G) such that 
Ia{K^) = U{x^;a)nL{xl;a) = K. □ 

Theorem 3.4. For any a G (0,1) the quotient set IFSH(G)/‘TG is equipo¬ 
tent to S{G) U {0}. 
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Proof. Let I* : IFSH{G)/^^ S{G) U {0}, where a G (0,1), be defined 
by the formula: 

I*„{[A]^o,) = I^{A) for each [A]^c ^ IFSH{G)/^^. 

for some [B]^. G IFSH{G)/^^, then 

U{^a; a) n L{Xa-, a) = U(hb; a) n L{\b; a), 

which implies {A,B) G 91“ and, in the consequence, [A\‘^a = [B]y^a. Thus 
/* is injective. 

It is also onto because = 0 for 0..^ = (0,1) G IFSH{G), 

and = Ia{K) = K for K e 5(G) and = (Xk>X^) e IFSH{G). 

□ 

4 Connections with binary quasigroups 

A groupoid {Q, •) is called a [binary) quasigroup if each of the equations 
ax = b and ya = b has a unique solution for any a,b ^ Q. Since a non¬ 
empty subset of Q closed with respect to this operation is not in general a 
quasigroup we must use the another equivalent definition of a quasigroup. 
A quasigroup (Q, ■) can be defined (cf. (20]) as an algebra [Q,-,\, /) with 
three binary operation such that [Q, ■) is a quasigroup in the above sense 
and 

X \ y = z xz = y and x/y = z<^zy = x 

for all x,y,z G Q. In this case a non-empty subset of Q is a subquasigroup 
of [Q, •) (and [Q, •, \, /)) if and only if it is closed with respect to these three 
operations. This gives the possibility to the introduction of a good definition 
of intuitionistic fuzzy subquasigroups of binary quasigroups El- 

Definition 4.1. Let [Q, •) be a quasigroup. An intuitionistic fuzzy set A = 
[yA, ^a) in Q is called an intuitionistic fuzzy subquasigroup of Q if 

(i) mm{yA{x),yA{y)} < yA[x * y) 

(ii) \a[x *y) < max{AA(x), AA(y)} 

hold for all x,y G Q and * G {-, \, /}. 

In this case an intuitionistic fuzzy set A = [pai^a) is an intuitionistic 
fuzzy subquasigroup of (Q,-,\, /) if and only if all non-empty U[y,t) and 
L[y,t) are subquasigroups of (Q, •,\, /) (cf. m)- 
A hyper quasigroup (G, o) is called regular if 

x € y o z implies y € x o z and z € y o x 
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for all x,y,z & G. Let {G, o) be a regular hyper quasigroup. The relation (5* 
is the smallest equivalence relation on G such that the quotient G/(3*, the set 
of all equivalence classes, is a quasigroup. f3* is called the fundamental equiv¬ 
alence relation on G and G/P* is called the fundamental quasigroup. The 
equivalence relation /?* was introduced by Koskas CHI and studied mainly 
by Corsini [0] and Freni CHI, ca concerning hypergroups and Vougiouklis 
m concerning Ff^-groups. 

Let us denote by U the set of all finite products of elements of G as 
follows: 

xPy if and only if {x, y} C u for some u gU. 

The fundamental relation P* is the transitive closure of the relation P (see 
Theorem 1.2.2 in (SHI). Suppose P*{a) is the equivalence class containing 
a G G. Then the product on G/P* is defined as follows: 

p*ia) ■ P*{b) = P*{c) for all c G P*{a) o p*{b). 

In this case, each of the equations P*{a) ■ P*{x) = P*{b) and P*{y) ■ P*{a) = 
P*{b) has a unique solution for any P*{a),P*{b) G GjP*. The quasigroup 
(G/P*, corresponds to quasigroup {G/P*,-), where 

P*{x)\P*{y)=P*{z) ^ P*{x)-P*{z)=P*{y), 

P*{x)/P*{y) = P*{z) ^ P*{z) • P*{y) = P*{x). 

Let /i be a fuzzy set in G. The fuzzy set yiy* in G/P* is defined as follows: 

yy* : G/P* [0,1], P*{x) ^ sup{y(a) | a G P*{x)}. 

Now, we have 

Theorem 4.2. Let G he a regular hyperquasigroup and A = {yA,^A) o,n 
intuitionistic fuzzy sub-hyperquasigroup ofG. Then A/P* = (/r/ 3 *,A,g*) is an 
intuitionistic fuzzy subquasigroup of the fundamental quasigroup G/P*. 
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